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Message from the Secretary

As called forby the House of Representatives Report -EB2 accompanying thEnergy and
Water Development Appropriations Bill, 201 Department of Energy is submitting a report
on Ethane Storage and Distribution Hub in the United States

This report is being praded to the following Members of Congress:

T

The Honorable Michael R. Pence
President of the Senate

The Honorable Paul Ryan
Speaker of the House of Representatives

The HonorableRichard Shelby
Chairman, Senate Committee on Appropriations

The HonorablePatrick Leahy
Vice ChairmanSenate Committee on Appropriations

The HonorableRodney P. Frelinghuysen
Chairman, House Committee on Appropriations

The Honorable Nita M. Lowey
Ranking Member, House Committee on Appropriations

The Honorabld_.amar Alexander
Chairman, Subcommittee on Energy and Water Development
Senate Committee on Appropriations

The Honorable Dianne Feinstein
Ranking Member, Subcommittee on Energy and Water Development
Senate Committee on Appropriations

The Honorable Mike Simpson
ChairmanSubcommittee on Energy and Water Development
House Committee on Appropriations

The Honorable Marcy Kaptur
Ranking Member, Subcommittee on Energy and Water Development
House Committee on Appropriations
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1 The HonorableGreg Walden
Chairman, House Committex Energy and Commerce

1 The Honorable Frank Pallone, Jr.
Ranking Member, House Committee on Energy and Commerce

1 The Honorable Lamar Smith
Chairman, House Committee on Science, Space, and Technology

1 The Honorable Eddie Bernice Johnson
Ranking Member, HoesCommittee on Science, Space, and Technology

9 The Honorable Lisa Murkowski
Chairwoman, Senate Committee on Energy and Natural Resources

1 The Honorable Maria Cantwell
Ranking Member, Senate Committee on Energy and Natural Resources

If you have any questis or need additional information, please contact meévor Dwayne
Bolton, PrincipalDeputyAssistant Secretary dir. Shawn Affoltey Deputy Assistant Secretary
for Senate AffairgOffice of Congressional and Intergovernmental Affait$202) 5865450, or
Ms. Bridget ForcieAssociate Director for External Coordinati@ffice of the Chief Financial
Officer,at (202) 586-0176

Sincerely,

"Rk ;Dexa&y

Rick Perry
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Executive Summary

TheU.S.Department of EnergfDOEprepared this document at the request of Congress for a
report on the feasibility of establishing an ethane storage and distribution hub in the United
States! Large hubs fonatural gas liquids (NGL), including ethaaee establisheth the United
States but the boom incrudeoil and natural gas production from shale formations across the
U.S. has transformed global energy markaatsl may present opportunities for industry to
establish additional hubsThissignificant increase inrpduction has made the U.S. the largest
combinedcrudeoil and natural gas producer in thveorld.? In addition to these crude oil and
natural gas resources, several of tleale playgprovide valuable resources in the form of NGLs,
including ethanewhichare separated fronraw natural gas streamat natural gas processing
plants These natural gas plant liquids (NGRbY especiallgthane arekey feedstockfor the
petrochemical industry, used to produce compounds for making plastics and resins.

To pioduce this report, DOE gathered and analyzed information regarding ethane supply and
related infrastructure. This analysiensidered projected trends in ethane production over the
coming decades, where changes in ethane production are projected to dheugcation and
capacity of established ethane storage hutb®orth America, and natural gas liquids pipelines,
among other things. The analysis focuseddemtifyingwhere significant growth in ethane
production is projected and established ethanddswdo not exist.

In itsAnnual Energy Outlod2018 Figure EQ: U.SNGPLProduction by Regioh
(AEO 2018}he Energynformation
Administration (EIAprojectsNGPL
production to nearly double between 7 ajg) histofy”“projections
2017 and 2050, supported by an increas:

in global petrochemical industry demand.6
Most NGPlproduction growth in the
reference case occurs before 2025 when5
increased demand spurs higher ethane
recovery and producers fos on natural 4
gas liquidsich plays, where NGio-gas
ratios are highest 3

million barrels per day

Southwest

The large increase in N@ill come from 2
the Marcellus and Uta playgroduction

in the Eastindfrom the Permian basin in 1
the Southwesbver the next 10 years

This growthis e)plained mainly byhe 0 ‘ ' ' ‘ '
close associatiohetween the production 2000 2010 2020 2030 2040 2050
of NGPL anthe development ohatural gas and crude aisourcesn those regions. By 2050,

Other U.S.
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the East and Southwestgions account for more than 60 percesfttotal U.SNGLproduction
in the AEO 2018eference casé

North America has a long history MGLproduction, storage, and usa the petroclemical

industry. Several largaubs for NGLare establishedmost notably in Mont Belvieu, Texas;
Conway, Kansaand Sarnia, Ontario, Canada. A NGLs hub requires a concentration of physical
assets that connect to supply and demand sources via different transport, storage, and
distribution options. Achieving suetcritical mass generally requires some level ailo
fractionating or processing capacity, ample storage capacity, and multiple transport options to
move commodities in and out of the hub as supply and demand change.

In addition to the assets that actively transport products from one point to anosterage

plays a critical roleStorage of NGLs is necesstrypalance seasonal supmynddemand

variations Large volumes of NGLs are primarily stored as a pressurized liquid in underground
caverns, but some areas without suitable gepl may use ab@ground tanks.Storage helps
mitigate production volatility and in turn reduces risk for those end users that need a steady
and reliable stream of feedstoclStorage is particularly important for ethane crackers that use
furnaces and complex processirat are laborious to restarft.Having ethane feedstock
available in storage helps large petrochemical plants ensure continuing operations.

5SSt 2LIYSyd 2F (KS az2yid .St@ASdz Kdzo 6S3lLy Ay
storage caverns in salbfmations, and today ove240 million barrels of NGLs storage capacity

is availablghere.® Mont Belvieu isalsoa mature trading hub with a high level of liquidity and
transparencythat setsspot and futuregrices for NGLsattracts physicalas well aginancial

trading, and continuesto draw potential investments for tated infrastructure projects.

In addition to Mont Belvieu, the secoddrgest North American NGE®ragehub is located in
Conway, Kansas, and badi#tont Belvieu and Conwaare in relatively close proximity to the
growingNGLproductionprojectedfrom the Permian basin in the Southwe&the East region of
the U.S. currently is without an NGL storage hub similar totNBefvieu, Conway, or Sarnia.
The extent to whichEast rgion NGLs will beonverted and consumed locally will depend on
regional infrastructure additions andnorespecificallythe interplay between storage and
transportation

Between early 2011 and mi2013, industry announced capacity expansions, feedstock

changes, and new plant construction because of the significant increase in the availability of

ethane in the United States.These investments have been focused near the Mont Belvieu hub

on the Gulf Coast and near the hub in Sarnia, OntaCionstructionof three new ethylene

crackers on the Texas Gulf Coast was complatéide end of 2017. Ethane exports by pipeline

to Canada are expected to increase in 2018 as shipments on the Utopia pipeline begin to flow

and as an ethylene plant expands capacit@amnia Additional pipeline and export

AYVFINI 80§ NHZOGdzNBE K a 6S8SSy odzatd (G2 SELRNI SiKly
Texas, and Marcus Hook, Pennsylvahith facilities opened in 201%.
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Lacking storage in the East Regi@vesalpipelines have been built to deliver NGL products

from the East region to established hubs at Mont Belvieu and Sarnia; the first pipeline to enter
ASNDAOS GKIFG Y2@Sa SiKIyS 2dzi 2F GKS ! LI £ OK
Mariner West pipelinewhich was commissioned in December 284 Early in 2014, the
AppalachialexasExpress (ATEX) pipeline began shipments of ethane from the Appalachia

region into the Midwest and Gulf Coadt.

Beyond moving ethane from its productiorFigure EQ: EastRegionEthane Productiof?
in the Appalachia basin to established -

North American hubs and overseas iVI (I)Ihon barrels per day
markets, he projectedgrowth inNGPL
productionin the East regiorpresents an
opportunity for industryto establishan

ethane storage and distributiohub in
proximity to production of the resource in
the Marcellus and Utica shale plays.

Ethane production ithe East regioms 0.5
projected to continue its naid growth in

the coming yearsProjected poduction

in 2025, at 640,000 barrels per day (b/d) 5
is moee than 20 times greater than

projections

regional ethane production in 2013 2
(Figure E®). By 2050, ethane productior i €1

in the region is projected to reach 0.0

950,000 b/d!3 2013 2025 2037 2049

When used for petrochemical productionFigure ES. U.S. Ethylene Production Capaétty
ethaneis recovered from the natural gas Capacity (million metric tons)

stream andafter fractionation iiped to

a steam cracker thaises the steamto 35
thermally crack feedstockato lighter 30
hydrocarbons.Bhylene, the most
common producterived from ethaneis
used in the production of several other 20
products. The majorityof ethylene 15
demand in theU.S.goes tothe

production ofpolyethylene,which isthe 10
most commonly produced plasticinthe 5
world.'> Polyethylene is used to
manufacture many common consumer
products, including food packaging and
containers, bottles, and housewares.

1980 1985 1990 1995 2000 2005 2010 2015
m Rest of U.Sm Texasm Louisianar Appalachia
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Globally, North America has the second largest ethylene production capacity in the world
behind the AsiagPacific region Ethylene production capacity is highly concentratechia t
United StatesGulf Coastover 95 percenbf U.S.ethylene production capacity is located in
either Texas or Louisiarfeigure ES).

Significaniproduction capacitgrowth is  Figure ESl. Projected Ethane Value Chain
projected across the ethane value chain, Production Capacity in the U.&.

which includes the production of Capacity (million metric tons)

intermediate productsuch as

polyethylene, ethylene oxide, ethylene 180
dichloride, andbthers. 160

140
Figure E® depcts the projected 120

production capacitygrowth by region in
the U.S.between 2018 and 2040,
production capacity of ethylene and 80
intermediate petrochemical productsis g0
expected to increase by over 85percent 40
Theunspecified capacity depicted
Figure E& representsprojected new
capacity that has not been proposed fora 0

100

specific location to date 2018 2023 2028 2033 2038
m Rest of U.S. m Texas H Louisiana
The required investments to build a Appalachia m Unspecified

petrochemical hukare significant. For

examplea new 125,000 barteper dayNGL fractionatoand related infrastructure (including
additional storage capacity Mont Belvieu, Texagnnounced by ONEOK, Inc., is reported to
cost $575 millioft” at Mont BelvieuEnterprise Product Partners operates eight NGL
fractionators with a total plant capagiof 670,000 barrels per dd§. Shellchemical€ethane
crackerprojectunder construction in Pennsylvania is reported to cost $6 bilifohhe new
infrastructureassociated with a petrochemical hwmould include gathering lines, processing
plants, fractonation facilities, NGLs storage facilities, ethane crackers, and then some
combination of plants for polyethylene, ethylene dichloride, ethylene oxide, and other
infrastructure.

The efficient production and distribution of natural gas requires sefitchatural gas
processing capacity, where processors separate dry natural gas from NGLs and remove
contaminants that can cause mechanical issues in pipelines and compré&sastatural gas
produced in the Appalachian bagends to contain higher amountsf ethane and regional
processing plants extract most ethane separately to manage pipeline natural gas heat
content?! Pipelines have a range of acceptable heattent for natural gas going through their
systems and removing BLs from the stream helgs ensure the natural gas meets pipeline
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specificationg? In support of the dramatic increase in productioetiveen 2010 and 2016,

natural gas processing capadity the Marcellus and Uticplaysgrew nearly tenfold and

fractionation capacity increaseaventyfold?324 { Ay OS SGKIFySQa YIAYy dzasS A
feedstock, the supply of ethane does not have substantial energy security considerations.

The establishment of an ethane storage and distribution hub near production from the
Marcellus and Utia plays could provide benefits to the broader petrochemical and plastics
industriesalong the lines of supply diversity. Theesent daygeographic concentratioalong

the Gulf Coasbf petrochemical infrastructure and supply may pose a strategic ris&ravh

severe weather events limit the availability of key feedstodkstrochemical expansidmeyond

the Gulf Coastvould increase geographic diversityhis geographic diversity could provide
manufacturers with flexibility andedundancywith regard towhere they purchase their
feedstock and how it is transported to them. Moreover, this flexibility and redundancy, as well
as the overall increase in U.S. feedstock production, could mitigate the potential for any price
spikesin petrochemicafeedstockghat could be caused by a severe weatloeother
disruptiveevent in any one regioaf the U.S.
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. , ACEOI AOEOA , AT COACA
CongressionaRequestor a Feasibility Study

TheU.S. Departmendf Energyproduced thigeport in response to the following Congressional
request
G¢ KS 5SLI NI Y Sigsile akeportRri theSeagibflitir of és@blishing an
ethane storage and distribution hub in the United States, given the increased
production of naturdgas liquids (NGLs) from shale developments and recognizing
that ethane is the largest component of those NGIBe report should examine
potential locations, economic feasibility, economic benefits, geologic storage
capabilities, above ground storagepailities, infrastructure needs, and benefits
to energy securitg’é
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. )T OO01T AOAOEIT 1

The application of horizontal drilling and hydraulic fracturing techniques in oil and gas
production has revolutionized the energy system of the United StatesinBgking the

hydrocarbon resources in low permeability shale formations, the United States produces more
natural gas than any other country in the worl@he increased oil andatural gas productiois
yieldingan added benefit in thedrm of natural gasiquids (NGL NGLs are hydrocarbomsin

the same family of molecules as natural gas and crude oil, composed exclusively of carbon and
hydrogen. Ethane, propane, butane, isobutane, and natural gasoline (pentanes plus) are all
NGLs.Use of NGLs spansary all sectors of the economWGLs are used as inputs for
petrochemical plants, burned for space heating and cooking, and blended into vehicle fuel.

Given the projected increase in supply of ethane in the United States and in response to a
request fran Congress, the Department of Energy has prepared this report on the feasibility of
establishing an ethane storage and distribution hub in the United Stategproduce this

report, DOE gathered and analyzed information regarding ethane supply and related
infrastructure. This analysis considered projected trends in ethane production over the coming
decades, where changes in ethane production are projected to occur, the location and capacity
of established ethane storage hubs in North America, and naiasliquids pipelines, among
other things. The analysis focused on identifying where significant growth in ethane production
is projected and established ethane hubs do not exist.

Report Overview and Findings

The main content ofttisreport is dividednto the following five sections.Each of the following
sections providsinsights and analysis in support of the following findings:

Section lI: A Rapidly Evolving Energy Landscape

1 The U.S. Energy Information Administrat(@&#A) in theAnnual Energputlook 2018
(AEO 201pforecastmaturalgas productiorfrom shale resourcewill more than
double over the coming decades.

1 The reference case B L 'AEXA201@rojectsU.S natural gagplantliquids
production to nearly double between 2017 and 2050.

1 Ethane production irthe East region, where th&ppalachia basin contributes most
of the production volumesds projected to continue its rapid growth in the coming
years, reaching 640,000 barrels per day in 2Q8%ore than 20 times greater than
regional ehane production in 2013.

SectionlV: A Hub Defined
1 A NGLs hub requires a concentration of physical assets that connect to supply and
demand sources via different transport, storage, and distribution options.

Ethane Storage and Distribution Hub in the United Stajd%agel12
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1 Storage of NGLs is necesstaryalanceseasonal supplgnddemand variations.
Storage helps mitigate production volatility and in turn reduces risk for those end users
who need a steady and reliable stream of feedstock.

1 The three most prominent NGLs hubs in North Aceeare sited in MonBelieu, Texas;
Conway, Kansaand Sarnia, Ontario, Canada.

SectionV: The Industrial Ecosystem and Regional Activity
 Appalachi®d | 6dzy RI'yid NB&a2dz2NDOSa 0O2dzldf SR 6AGK SEI
may offer a competitive advantage thabuld enablet to displace marginal producers
and help the U.Sjain globapetrochemicaimarket share
1 Nearlyone-third of U.S. activity in the petrochemical ecosysteacurs within 300 miles
of Pittsburgh with over $300 billion of net revenue, 900,000 workers, and 7,500
establishments

Section Y. Market Analysis for Appalachian Petrochemicals

1 U.S. petrochemical manufacturing capacity amdductionis poised to continue
expanding given the expectatiori shale production, though the geographic
distributionis evolving and not yet clear

1 Projected, but unspecified to a particular region, incremental capgecawth will
generate nearly $22Billion in revenue between 2018 ar&D40.

1 Development of an Appathian cluster is not necessarily in conflict with Gulf Coast
expansion, since Appalachian capacity may serg®naldemandfor NGls derivatives
freeing up Gulf Coast productidar other markets, including exports overseas.

Section \WI: Benefits ofGeographic Diversity

T {AyOS SiKIySQa YIAYy dzaS Aa la | LSINROKSYA
have substantial energy security considerations.

 Over%%percene ¥ G(GKS O2dzy iNEQa SiKefSyS LINPRdzOGA 2
Louisiana.Previous severe weather events along the U.S. Gulf Coastdisngtedthe
LISGNROKSYAOFf &dzLlJL & OKFAyQa FoAftAGe G2 YS

1 Expanding the petrochemical asset b&sgond the Gulf Coastould enhance
geographic diversity of thigtal industrial sector and support reliability.

In June2018 DOEeleasedan updatedNatural Gas Liquids Primehich provided an overview

of ethane, propane, butanes, and natural gasoline, an outlook for the ethane and propane
markets, an assessment of the natural gas and natural gas liquid resources in Appalachia, and a
description and quantification dfiGLinfrastructure in Appalachia. Where relevant, findings

from the Natural Gas Liquids Primare integrated or cited in this report.
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The U.S. energy landscape has undergone a dramatic transformation over the past decade as

new exploration and production technologies and approaah&em advances in seismic

detection to horizontal drilling and hydraulic fracturigdpave unleashed thereergy and

SO2y2YAO LRGSY(GAlLrt 2F NBaz2dz2NDSa NBaARAYy3a gAilK

A. Natural Gas and Natural Gas Liquids Production

The U.S. gy Information AdministrationFigure 1.Shale Gas Production by Regfén

(EIA) in theAnnual Energy Outbk 2018  trillion cubic feet -
(AEO 201pBprojects naturagas 45 2017 eia)
productionfrom shale resourcewill history | projections

more than double over the coming A0 | TextBox1 } !
decades’’ Continued development of Reference "y

the Marcdlus and Utica plays in the East

is the main driver of growth in totdl.S. 30
naturalgas production across most case: o5
and the main source of total U.S. dry
natural gagproduction. EIA forecasts 20
production from the Eagle Ford and
Haynesville plays in the Gulf Coast regio

to bea secondary sourcef domestic dry 10
natural gas, with produabn largely 5
leveling off after 2028 Associated natural rest of U S,
gas production from tight oil production 0 T . . . .
in the Permian basin grows strongly 2000 2010 2020 2030 2040 2050
throughthe AEO 201®rojection period.

Continued technological advancements and improvements in industry practiceg@eeted to
lower costs and to increase the volume of oil and natural gas recovery per Wedkse
advancements have significant cumulative effect in plays that extend over wide areas and
that have large undevelopessourcesguch as in théarcellus, Uica, and Haynesuvilley.

The Appalachian regianconsisting of Ohio, Pennsylvania, West Virginia, and Kentuicig

seen a significant increase in production of natural gasN@tks. The region is home to the
aforementionedMarcellus and Utica shale formations, as well as the undeveloped Rogersville

shde. KS ! LIJ f I OKAlLY . laAyQa akKlfS NBaz2dz2NOS SyR2
independentcountry,the regionwouldd S (i K S thiégd2aMiBsRofdducer ohatural gas

today.°
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Figure2. East RegioMNatural Gas Productiofd

Trillion cubic feet #E_?"

20
18
16
14
12
10

o N B~ O

i
historyi projections

2013 2016 2019 2022 2025 2028 2031 2034 2037 2040 2043 2046 2049

Natural gas production in the Appalachian region is projected to contmegperiencevery
steady growth in the short and lortigrm. Natural gas output, estimated at 8.19 trillion cubic
feet (Tcf) in 2017, is projected to increase by 65% to 13.55 Tcf in 2025. OuR®50ins
projected at 19.5 Tc!: A recentdToday in Energyarticle fom EIA provides additional context:

Significant growth in natural gas production over the past detgaemarily from

the Marcellus and Utica shales the Appalachian Basinhave increase@ross
natural gas outpuin Ohio, Pennsylvania, and West VirginRroduction in these
three states increased from a combined 1.4 billiahic feet per day (Bcf/d) in
2008 to nearly 24 Bcf/d in 2017, with their combined share of total U.S. natural
gas production reaching 27%, up from just 2% in 2008 da% data through
October 2017..

Prior to 2011, natural gas production in these etatwas lower than
demand, and interstate pipelines moved natural gas into the area primarily from
production areas in the Gulf Coas$t. recent years, however, increased supply has
been able to meet demand within these states and in neighboring stBkesting
pipelines have been modified to transport natural gas out of, instead of into,
Appalachia, andiew pipelinehave beerannouncedo link Appalachian supply to
downstream market$?

Naturalgas particularly natural gas produced from shale resources, is composed of a mixture
of severalhydrocarbors, the composition of which variesgnificantlyacross plays and even

Ethane Storage and Distribution Hub in the United Stajdzagel5
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within the same playIn addition to natural gas (i.emethane),NGLgethane, propane,

butane, isobutane, pentane, pentanes plus) can account for a significant portion Hwhgas
stream Althoughmethane is largly used forelectricpower generatiorand heaing, NGLs

have properties conducivi® fuel and chemical productionWK Sy LINR RdzOAy 3 |
products the challenge facing the producer isédfficiently and effectively matckupply and
demand for eaclof the constituentproducts with its own market dynamics in ways that lead to
the best return overall.This challenge is often made more difficult injrastructure limitations
that impedethe economical transportation, storage, and distribution of thesastituentsg

from when they enter the market place to their conversion and eventual end use.

Table 1. Natural gas liquids, uses, products, and consugiiers

Chemical Enduse Enduse
NGL Uses
formula products sectors

Petrochemical
feedstockfor

Ethane GHs ethylene Plas.tlcs, ant Industrial
o freeze; detergents
production;
power generation
Fuel for space Industiial
heating, water (includes
heating, cooking, Fuel for heating, = manufacturing
Propane GHs drying, and cooking, and and agriculture),
transportation; drying; plastics residential,
petrochemical commercial, and
feedstock transportation

Petrochemical .
Motor gasoline;

Butanes: normal and petroleum .S : .
) plastics; synthetic  Industrial and
butane and CiHio refinery - .
: ) rubber; lighter transportation
isobutane feedstock; motor
. . fuel
gasoline blending
Petrochemical
feedstock; Motor gasoline;

Natural gasoline  Mix of GHand  additive to motor ethanol Industrial and
(pentanes plus) heavier gasoline; diluent denaturant; transportation

for heavy crude solvents

oil
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The reference case B L !ARXCA2018 Figure 3.U.S.NGPLProduction by Regiott
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NGPloutput in the East region, and by proxy in t@gpalachiarbasin,will continue to grow
throughout the forecast period. As natural gas production gradually migeatesfrom
liquidsrichgas areas, which are expected to slowly deplete, to dryer areas, the rate of growth
in NGPLproduction will slow relative to the rate of natural gas production growttGPL

output from 2017 to 2025 willmore thandouble from610,000 b/d in 20¥ to 1.35million b/d

in 225. NGPloutput is projected to reach 23 million b/d in 20503

Figure 5.East Regiorficthane Productiof®

Million barrels per day .
1.0 eia)

history | projections
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Ethane production in the region is projected to continue its rapid growth in the coming years.
Projected production in 2025, &40,000 b/d, is more than 20 times greater than regional
ethane production in 2013. By 2050, ethane production in the region is projected to reach
950,000 b/d, on the back of both higher natural gas liquids production in general, and higher
recovery of ¢hane as gas plants improve their capacity to extract a higher proportion of ethane
out of raw natural gas in order to satisfy growing demaAd. will be described later in the

report, a world-scale ethane crackeypically consumgaround90,000 b/d of ethane for

ethylene productiorf©

B. A Focus othe Appalachian Basin

As described above, Epfojects significangrowth in domestidcNGPLsupply over the coming
decades in botlthe East region dominated ppalachia basinproductionand the Southwest
regionwhere the Permian basin contributes the bolkproduction SectiorlV of this report
provides detas on the existing NGL storage and distribution hubs in North America. Notably,
the largest existing North American NGL storkhgb is located in the Southwest at Mont
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Belvieu, Tras, and the second largest is located in close proximity at Conway, Kansas. The
eastern region of the United States currently without asimilar NGLs storage hub.

Between early 2011 and mi2013, irdustry announced capacity expansions, feedstock

changes, and new plant construction because of the significant increase in the availability of

ethane in the United Statel8. These investments have been focused near the Mont Belvieu

hub on the Gulf Coast dmear the hub in Sarnia, Ontario. Construction of three new ethylene
crackers on the Texas Gulf Coast was completed at the end of 2017. Ethane exports by pipeline

to Canada are expected to increase in 2018 as shipments on the Utopia pipeline begm to fl

and as an ethylene plant expands capacity in Sdfniedditional pipeline and export

AYFNI 8GNHzOGdzNB Kl & 6S8SSy o6dzafd G2 SELRZNIG SiKIy
Texas, and Marcus Hook, Pennsylvania; both facilities opened inf2016.

Lacking storage in the East Regioayaral pipelines have been built to deliver NGL products

from the East region to established hubs at Mont Belvieu and Sarnia; the first pipeline to enter

service that moves ethane out of the Appalachia region to Canadawg dzy 2 02 [ 23A &G A O
Mariner West pipeline, which was commissioned in December 20Early in 2014, the
AppalachialexasExpress (ATEX) pipeline began shipments of ethane from the Appalachia

region into the Midwest and Gulf CodSt.

Beyond moving ethanegdm its production in the Appalachia basin to established North
American hubs andxportmarkets, theprojected growth in NGPL production in the East region
presents an opportunity for industry to establish an ethane storage and distribution hub in
proximity to production of the resource in the Marcellus and Utica shale plagis report
focuses on conderations related to the establishment of an ethane storage and distribution
hub in proximity to production of the resource in the Marcellus and Utica shale plays.

Awave of infrastructure investmentsincluding the Marcus HodkGLexpott facility near
Philadelphia, Pennsylvanidas enablingNGLs productiofrom the Marcellus and Utica plays
reach global marketsThe extent to which AppalachiadGLswill be converted and consumed
locally will depend on regional infrastructure additions amibre specifically, the interplay
between storage and transportation As it relates to local utilizatiotNGLstorage solutions
within the Appalachian region are beginning to expand and will be discussed in greater detalil
later in ®ction |V of this report. Astorage capacity in the region increases, so too does the
potential to use locally produced NGLs as petrochemical feedstocks in manufacturing
operations expanding and coming online within Appalachia.

Existing North American N&Hubs¢ including Mont Belieu, Texas; Conway, Kansasg
Sarnia, OntaripCanadddescribed in further detail later in this repo)provide models and
insights forthe establishment oany new NGLshub.
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v.! (OA S$AEET AA
A. Overview

A NGL#&ub requires a concentration of physical assets that connect to supply and demand
sources via different transport, storagand distribution options.Achieving such cital mass
generally requiresome level ofocalfractionatingor processingapacity ample storage

capacity, and multiple transport options (e.g., pipelines, rail and marine facilities, trucks, etc.) or
the flexibility to move commaodities in and out of the hub as supply and dembhadge

Il bD[& daid2N) IS¢ K dzmgekapatptyatcanda forCompaignt/arOA Sy (i a
site-specific useppen access through thirgarty ownership or both. When available storage

capacity is predominantlgompany specifiget sizable, docalecan become a pricing point

though the pricewill be indexed to commaodities bought and sold at the Mont Belvieu hub in

Texas*® When sizable thirgbarty accesstorage is in placénigh volume of both physical and

financial tradescanoccut KA &4 A& 6KSYy | bD[& &d02N) Bhe Kdzo 06 S
case wih the Mont Belviel hub and to a lesser extenthe Conway hubn Kansas Financial

trading of NGLs and other oil and natural gas commodities, where products are bought and sold

(like gold or other valued commodities in a given asset clags)ot physically exchanged

helps producers, consumers, and investors efficiently maneuver in a marketplace with greater
liquidity. Such conditions allow for more effective risk management for market participants

and enable interested parties to takeahtage ofor mitigate risks associated wifirice

volatility through trading opportunities

Figure6. Ethane Value Chain
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The followingdiscussiorexamines the kinds of physical assets typically preseaNGLs hub.
When pertinent, Appalachiaspecific examples for physical N§&ifrastructure development

are cited. This section then discusses what a trading hub is, how trading happens, and various
ancillary benefits generated by these activiti@his section also provides a lodkexisting

NGLs trading in Appalaehand ends with a description tfree existing North Amézan NG&
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hubsc¢ Mont Belvieu,Texas; Conway, Kansasid Sarnia, OntarjcCanada; highlighting key
similaritiesand differences.

B. PhysicalAssets ¥pically Resent in an NGIlsHub

The NG&production and enelse supply chain involves several distinct midstream activities
and several interrelated infrastructure components that underpin these operaiises Figure
6 above) The following discussion provides averview of the key physical infrastructu
elementstypically present in &Glshub.

1. Natural Gas Processing Plants

Whenraw natural gas flows from the wélead,depending on the quality of gas produced

processingnay berequired to remove water, hydrogesulfide, carbon dioxide, and heavier,

non-methane hydrocarbonsNatural gas processing plants are the midstream facilities that

treat, or clean, raw natural gasJIN2 RdzOAy 3 6Kl G Aa (y26y | a daLALS
(primarilyY SG Kl y Sl RER B D[ & 0 YAE (G dzbiBthaefpropddé, & O2 Y LINA
normal butane, isobutane, and natural géiee). Large portions of thiMarcelus and Utica

shalesyieldd ¢ S (1 ¢ VI niedaid the p@duded natural gas contains a relatively high

percentage of NGLs.The process of removing, or separatitiguids fromdry natural gas

(mostly methane)s called NGL recoveryn most instances, NGLs have higher vaase

separate products, andfter recovery make their way to valuadded markets.

Modernnatural gas processing plants use powerful compressors and chillers that cool natural
gas to cryogeic temperatures (approximateh 20°F) to separatenethane,the main

02y a i A WdEyasiromthe ligaids. While processing plants can usgher technologies

to separate the gas and liquids streams, cryogenics allows for the highest percentage of liquids
recovery?’ Plants with cryogenic units recover more propane aragh vary therecovery of

ethane from the natural gas stream as the commodity pric¢ates. When the price of ethane

is low¢ near or below the price of natural gas on a hegtimlue-equivalent basig processors

may choose to leave ethane in the natural gas stream (referred to as ethane rejection) and sell
it as natural gas.

Uniqueto the region, gas processing plants in Appalachia extract most ethane separately from
the remaining NGdstream and have been increasing their capacity to do so faster than
nationalfractionation capacity overallThe capacity to extract ethane separgtérom other

NGLs is crucial for gas processors looking to balance gas quality requirements on natural gas
pipelines, and is key to satisfying local and-ofitegion demand for ethane as a petrochemical
feedstock?® Figure7 belowshowsthe rapid buildout of gas processing plants in the
Appalachian region since 201Between 2010 and 2016, natural gas processing capacity in
Kentucky, Ohio, Pennsylvania, and West Virginia grew nearly tenfold, from 1.1 Bcf/d to 10.0
Bcf/d.4°
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Figure 7 Gas processing plants @hio, Pennsylvania, West Virginia, and KentuéRy
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2. Fractionators

' FGSNI N ¢ yIFGdz2NFf 3JIFa Aa LINPOSaaSR: HDNIRSESE O
G2 0SS FdzZNIKSNJI NEFAYSR 2NJ GFNIOlGA2Yy Il 1SRé Ayd?2
ethane (GHe), propane (eHs), normal butane (§H10), andisobutane(GHig), and natral

gasoline (pentanes plus,naix of GHi2and heavier).Fractionation, the separation process, can

take place at a ctocated fractionaton plant used to separate the cgmonents of NGLer at a
stand-alonefractionator conneted to gas processing plants by pipelirfés.

While across many producing regions in the country fractionation may take place far from
where the liquids are processed, in the Appalachian basin all liquids extracted are fractionated
locally. Thus, the gas processing capacity buildout has been accmufgnincremental

additions to regional fractionation capacitffractionation capacity in th&ppalachiamregion

has increased from just 41,000 b/d in 2010 to nearly 850,000 b/d in 2016, and may ghayh as
as 1.1 million b/d in 201%. Figure &epictsthe locations of gas processing plants and
fractionators both operating and planned, in the regiom addition to fractionating plants that
break apart more than one NGLs, Appalachia has seen an increasetimagézation capacity

to strip out ethanealone from the NGL stream. According to ElAeti@nization capacity has
grown from zero in 2010 to over 200,000 b/d in 2016, and may reach 350,000 b/d by*2019.
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Figure 8. NGL Fractionatiordats inOhio, Pennsylvania, and West Virgiffa
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3. Transportation Infrastructure

After fractionation, the componenpurity productsmust move to a suitable outlet storage for

later usage, delivery to a chemical plant or other facility, or via pipeline to market. Since NGLs
are in gaseous form under normal atmospheric pressure, storage must be pressarized
refrigerated The primay form of NGL storage, for bothgfade and purity products, occurs in
underground salt caverns. Pipelines carry product from the fractionators to underground
storage locations. From there, the NGLs are further distributed to market.

NGLs byipeline, Rail, and BargeThe most abundant NGLs (ethane, propane, and normal
butane) are only liquids when they are under pressure. Since the volume of NGLs in their
gaseous state is several hundred times their volume as liquids, they are nearly aloxsd as
liquids, eitherunder pressure or refrigerated, lpipelines (for mixed NGLs, ethane, propane
and normal butane) or in tanker trucks, railcars, and special bangeskers(for propane,
butanes and natural gasoline).

Pressurizegbipelines arghe mostcosteffectiveway to transport ethanendform the

backbone of the transportation system enabling the flow and consumption of NGLs. In addition
to NGLs pipelines, rail has proven to be both flexible and responsive to the recent rapid changes
in the NGLs markgbther than ethane, which is not moved by rads new producing regions

have emerged (e.g., the Appalachian Basin), and new markets are developing. Trucking is a

GrlGlt StSYSyd 2F lye f23xA6S Ot OadyiRambeendns & SN

barges on inland waterways play an important role, primarily along the Gulf Coast.

Since 2010, growth in NGLs supply has had a profound impact on NGLs logistics across the
country. Initially, because the expansion in supply heentrelatively rapid, as with crude oil,
volumes of NGLs shipped by rail grew most rapidly. Bet@@&fand 2014, rail shipmea of
NGL grew on average by 12 percentan annual basis, while pipeline shipments were
relatively flat>® Since 2014, as pipees moved from the planning and construction phases to
completion, pipeline capacity began to expand rapieligh flows growing on average 21
percentper annum between 2015 and 2027

NGLs Transport in Appalachidhe first pipeline to enter servidhat movesethane out of the

L LILI £ F OKALF NBIA2Yy G2 [/ FYyFRF gl & {dzy202 [23Aad

commissioned in December 2033 Early in 2014, the Appalachi@xasExpress (ATEX)
pipeline began shipments of etharfiem the Appalachia region into the Midwest aGallf
Coasf®

Mariner East, a pipeline also developed by Sunoco Logistics, links the Houston, Pennsylvania,
productionareawith the Marcus Hook, Pennsylvania, storage and export terminal. Mariner
East bgan shipping propane at the end of 2014, and ethane in early 20T&e Cornerstone
pipeline, built by Marathon Logistics, began service in September 2016, shipping condensate
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out of a number of processing plants in southeastern Ghidhe pipeline conngts with a
number of Marathon assets, including the Canton refinery, and, through interconnecting
pipelines, allows for the shipment of condensate as far west as Chicago, theffala@nt for
the Cochin and Southern Lights diluent pipelines to Canaddariuar2018 Kinder Morgan
placeUTOPIA (Utica to Ontario Pipelinefo service an ethane pipelinéhat carriesfeedstock
from southeastern Ohio t®indsor, Ontaria®?

Sunoco Logistics, part of the Energy Transfer Partners family, is in the processptéting
construction on the Mariner East 2 and Mariner Easpbelines. Following generally the path
of the original Mariner East pipeline, batiginatingin southeastern Ohio, the twin pipelines
are designed to vastly increase the takeaway capdott liquids out of the Marcellus/Utica
producing region.The pipelines, designed to work as an integrated system with the original
Mariner East pipeline, will be capable of transporting the full spectrum of liquids produced in
the region, from ethane teondensate? 64

Kinder Morgan also has a second project planned for the region, tice-MarcellusTexas

Pipeline UMTB. Unlike other pipelines discussed above, UMTP has not yet reached a final
investment decision While Kinder Morgan has secureederal EnergyRegulatoryCommission
approval to abandon one of its Tennessee Gas Transmission Pipeline lines and to repurpose the
line for UMTP, engineering or construction work on the repurposing has yet to®start.
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Figure 9 NGL Pipelinegxisting and Announcedn and around the Appalachian Basth
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While other NGLs are shipped by rail (including propane, normal butane, and isobutane),
ethane isseldomtransported by rail. Ethane requires either cryogenic tempergwr very
high pressures to remain in liquid stdte Shipments of ethane by rail would require
specificallydesigned tanksas opposedo the pressurized vessels generally seen transporting
what is commonly referred to as LR@ropane, propylene, and hanes.

NGLs are also transported on the water. Pressurized tanks are carried on barges and can
generallyhold a maximum of 40,0080,000 barrels oproduct For waterborne NGLs exported
to Europe or Asia, different types of vessels are used dependitigeoNGL% For ethane,
medium size vessel have a capacity of 262 [@elsof ethane at cavern pressure, and very
large ethane carriers have a capacity of over 800,000 barrels of ethane at cavern pféssure
Medium size vessels can load at Marcus Hadlile the largest ones usually load on the Gulf
Coast in the Houston Ship Chanffel

4, Storage

In addition to the midstream assets that actively transport products from one point to another,
storage plays a critical role. Storage provides flexibilitgrims of when the product is

delivered. Storage helps mitigate production volatility and in turn reduces risk for those end
users that need a steady and reliable stream of feedstoak is the case for ethane crackers.

In other cases, &ing temporabptionality enabled by storage capacity allows entities to seize
seasonal arbitrage opportunities in cases where a product is more desiratiheg) dertain

times of the year.

Storage of NGLs is necessary since produced volumes typically exceed the pabelaway

capacity and processing capacity. Large volumes of NGLs are primarily stored as a pressurized
liquid in underground caverns, but some areas without suitable geology may use aboveground
tanks. Most underground caverns are in salt formations$,dmme propane storage caverns are
mined out of shale, granite, and limestone rock. After NGLs are transported to consumers, they
are stored in pressurized tanks above or below gro(ind.

Today the vast majority of N&&torage is iundergroundsalt cavens, and in the U.S., they
extend from Kansas to southern Texas and New Mexit@ storage locations iont Belvieu,
Conway, and Sarnall benefit from access to underground statmationsfor NGls storage.
Mont Belvieu is the largest NGLs hub in Modimerica withover 24 million barrels of NGLs
storage capacitjs available theré? Conway has salt cavern NGLs storage capable of goldin
21 million barrels’® And Sarnia, Ontario, the largest city on Lake Huron and situated directly
across from Port ton, Michigan, hasver 20million barrelsNGLstorage capacity?

Storage is particularly important for ethane crackers that use furnaces and complex processing
that are laborious to restart, particularly after a cold shutdown. Having ethane feedstock i
storage helps ensure continuing operatiomghich isparticularly critical for ethane cracker
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during supply interruptions. On the productiside, when ethane demand is lower, storage
allowsproducersto store more ethane rather than rejecting ethamda pipeline ga®r
curtailing production.

The ability to store ethane also allows processors to more appropriately size their ethane
recovery units, knowing their ofike agreementganbe satisfied from storage at times when
their ethane could garner higher revenirethe natural gas stream thaas purity product’>

The Appalachian region, and a greater area around it, has generally been dependent on storage
outside the region to satfg peakseason NGL demand. Only a fewilitiessatisfy the criteria

of being significant to the markgmearly all of which store propane and are connected to the
TEPPCO pipeéirf®

Enterprise Products Partners LP (HRE invested in expanded access and dedilugity of
propaneat its Harford Mills, New Youdite, which is conected to the TEPPCO pipelifieln
addition to éoveground surge tank€nterprise currently report680,000 barrels of
underground propane storage capacgyn increase over the 500,000 barrels of capacity
reported in 2014.In 2014 aloneEnterpriseinvested $6 milon to improve rail and truck
loading and unloading capability at the terminél.

/I NB &g 2?2 R Fangellnked NEGE SdRage Fadilitwatkins Glen, New Yorkas been
held in regulatory stasis for oveevenyears first filing a request to convert the depleted salt
caverns to hydrocarbon storage in 2009, and satisfyingf athe New York Stat®epartment of
Environmental Conservatiéh@EQ requirements by mie20137° The project involved the use
of two existing caverns on the shore of Lake Seneca at WatkinsN&denY ork near the EPP
Watkins Glen terminal and with a connectitmthe TEPPCO pipelié® As originally proposed,
the facility would have been capable of holdemgombined2.1 million barrels of propane and
butane. Crestwood seeking supporfrom the adjacent communities, has revised the project
numerous times, most recently by reducing scope to storing just propane, and in only the
larger, 1.5 million barrel cavef. It has also shifted away from building the termimath rail
and truck accessvith pipeline access now the only optioin September 201, one of the last
OKIFffSyasSa G2 / NBai stuekibas allGving thelpialedt th @d$sibii 2y 6 I &
proceed??

{ dzy 2 02 Q& & A (i Perndylvaaid, ditO30G feaboReBve Granitecavernscapable of
storing a combined 2 million barrels of N&id olefins®® 2 These cavernwere minedin the
1950s, 60s, and 70s, and were an integral part of operations at the shuttered Marcus Hook
refinery® The smallest cavern, at approximately 200,000 bawafsacity now belongs to
Braskem and is integrated into thgiolypropylene plant operationsThe remaining capacity,

aQlefins are nsaturated hydrocarbon compounds with the general formula CnH2n containing at least one-carbon
to-carbon doublebond. Olefins are produced at crude oil refineries and petrochemical plants and are not naturally
occurring constituents of oil ahnatural gas(U.S. Energy Information Administration)
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at around 1.8 million barrels, belongs to Sunedgth the largest cavern gable ofholding

approximately 1 million barrelsSome of the capacity is set aside to serve the Paulsboro, New
Jerseyefinerylocatedacross the Delawa RiveE g KA f S (GKS NBad Fl OAftAG!I
at the Marcus Hook terminal, including exports

As part of the Mariner East project, storage at the site was expandbd.nitial phaseof the
project, which accompanied the Mariner East pipeline reversal and repungfms NGLs

service, included a 300,0®&rrelethane tank and a 500,008arrel propane tank® Expansion
plansinclude adding additional storage capacity of a 900,000 barrel propane tank, a 589,000
propane storage tank, a 575,000 butane tank, and a new 300,000 barrel ethane tank
(estimated)®® Completion of work on site wawiginally scheduledo coincide withthe
commissioning of thdlariner East 2NIE2 andMariner East 2XME2) pipelines in late 2017

but the pipelineproject has experienceddelays

Energy Storage Ventures LLC, a joint venture between Mountaineer NGL Storage and Powhatan
Salt Company, developinga NGL storage facility in Monroe Courdhio. As part of its Phase

| offering, thesubterranean storagéacility will operatemultiple averns with a total of

million barrels of NGL storag®lutionr-minedin the Salina bedded salt formation roughly 6,500

feet below the Ohio River Vallé}.The storage facility will serve ascentrallylocatedstorage

point for NGEkin the Appalachiaregion with rail andruckloading capacity as well as tvi®-

inch, bi-directional pipelinesto t dzS weda®ySNafian fractionatofé8? Initial storage is
scheduledto begin at the end of 2018 and ramp up to full operable capacity by20&0. With
sufficient interest, project sponsors may develBpase land expand the facilityp to its

permitted 3.25 million barrels capacity.

Appalachia Development Group LLC (ADG) is dewglthe Appalachia Storagand Trading

Hub, a proposed underground storage facility for natural gas liquids. The proposed project is
intended to be a catalyst for further midnd downstream development associated with the
Marcellus, Utica, and Rogersville shales. To deternsrigasic eligibility for a federal loan

guarantee, ADG submitted a Part | application in September 2017 to the U.S. DOE Loan
Program Office (LPO). In January 2018, the LPO invited ADG to submit a Part Il application for a
loan guarantee under the DOE &iXVIl Loan Program, which entails submitting a

comprehensive application for the proposed project. ADG is seeking a $1.9 billion loan
guarantee that will first require securing an additional $1.4 billion in equity. The site of the
proposed hub has yebtbe determined?
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Appalachian Geologic Study on Potential for NGLs Storage

In August 201 7the Appalachian Oil and Natural Gas Consortitf®NGRGEleaseda
geologic studyhat looked at and mappethe potential underground storageptions for
NGLs produced in the Marcellus anticd shale play8: The AONGRC is housed at the Wes{

Virginia University (WVU) Energy Institute and is a partnership among two WVU departments

and the state geological surveys of West Virginia, Ohio, Peramsg| and Kentucky.

This scientific study evaluated prospeet geologic formations in West Virginia, Ohio, and
Pennsylvanighat offered subsurface locations and conditions eligible for hosting
underground NGdstorage, perequisites for an ethanstorage anddistribution hub and
potential growth of the petrochemical industry within the regio8peciically, the following
three subsurface storagerospectswere investigated and found to be suitable for
prospectiveunderground storage facilities

1 d&TheNorthern Prospect encompasses the northern panhandle of West Virginia ang
adjacent portions of eastern Ohio and western Pennsylvania, presenting storage
2LILIR2 NI dzyAGASa Ay (GKS / f Ayi2 yBest SoRsbligated 3
Field and two SalanF4 Salt cavern opportunities straddling the Ohio Riirer.
addition, the Oriskany Sandstone occurs throughout this portion of the Appalachia
basin, overlying both intervals, and offers a potential stacked opportunity based on
available subsurface data.

1 dThe Central Prospect includes portions of southeastern Ohio, southwestern

Pennsylvania and nortbentral West Virginia and contains five storage opportunitied:

Greenbrier Limestone mineabck cavern options; depleted gas reservoirs in the
Keener toBerea interval in and between the Mapi#adestown and CondRRagtown
fields; a depleted gas reservoir in the Upper Devonian Venango Group in the Rack
Newberne (Sinking Creek) gas storage field; depleted gas reservoirs in in Upper
Devonian sandstones ihé¢ WestonJane Lew field; and a Salina F4 Salt opportunity
YSIENI . SyQa wdzy AY 2Said +ANBAYAI ®

1 dThe Southern Prospect is situated in the Kanawha River Valley of West Virginia and

comprises the most storage opportunities of any prospect evaluatethie Study,
including minedrock caverns in the Greenbrier interval; an Oriskany Sandstone
natural gas storage field; and various depleted gas fields in the Keener to Berea,
Oriskany Sandstone and Newburg sandstone interval& G Q& Y2 NB X Y
and adjacent opportunities are available within a relatively small geographic ditea.
number, variety andtacking of storage opportunities in the Southern Prospect shoy
its potential to support a thriving petrochemical indus#s.

<
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Figure 10 NGL Staage and Export Faciliti€g®
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olefins (alkenes) produced by natural gascessing plants, fractionators, crude oil refineries, and condensate splitters butiegdiquefied natural gasnd
aromatics.
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5. EthaneCrackers

After NGLs are processed in gas processing plants and separated into individual products at the
fractionator, ethane is transported to and fed into a cracker that, under high temperaiuode
LINBa&ddz2NBZ yR Ay O2YoAylLGA2Yy 6A 0 #h maleBuleYz & ONJ
into ethylene (@) and minor quantities of cproducts such as hydrogen, carbon monoxide,

and other byproducts of pyrolysi€thylene is integral to the prodtion of plastics and other
petrochemical intermediate productdJseof locallyproduced ethane as the feedstock allows

crackers to reduce their feedstock costs and supply risk, improving plant economics.

Table 2 Proposed Myjor Appalachian Ehane Qrackers®

Compan Location Announced Ethane Feed Possible
pany Capacity (tpa) (1,000 b/d) Completion
Shell Chemicals Monaca, PA 1.6 mil. 96 202021
Washington .
Odebrecht/Braskem Bottom, WV 1 mil. 60 2022+
PTT Global /Daelim o 1 cide OH 1.5 mil. 90 2022+

Industrial Co.

First proposed in 201Shell ChemicalQ LINR 2 SO ’ickacker pr@ecthAhB B 0 S G K y S
Appalachian region to move to the final investment decision stage (FID); it is also the Biggest.
{KSffQa LINRP2SO0 ¢Aff Kad9IB8,800H/Kd®Sethaie toSthye produdtiond 2 O 2
of 1.6 million metric tons per year of ethylerendwill feature on-site capacity to then convert

this ethylene into derivative product®w- and highdensity polyethylene (LDPE and HD¥E).

The facility, once wilt, will increase ethane demand in the region on the scale of a mediam

pipeline. It will also significantly increase the supply of plastics feedstock in a region that is

currently a net importer of these materials. Witho other cracker projectproposed for the

region, local demand for NGfeedstock, primarily ethane, could be as high @5,200 b/d¢

nearly as much as current capacity for moving all liquids out of the region.

In addition to Shell, PTT Global Chemical of Thailand has proposeithd a petrochemical
cracker at Shadyside in Belmont County, O®T has delayed making FID, and recently
partnered with Daelim Industrial Co. of South Korea, a major construatidpetrochemicals
company. Both PTT Global and Daelim, througheitelvun subsidiary, are leading
petrochemical producers in their respective countri@$ie companies will jointly conduct a
feasibility study, and expect making a final investment decision at the end of°2( BT
Globalhas set capacity for the plannedackerat 1.5 million metric bnsper annum, translating
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into 90,000b/d of ethane feedstock deman®.[ A { S eth&n® Erdcke&under construction
in Monaca, Pennsylvanithe PTT/Daelinproject would include derivatives productiawith
polyethylenemost likely but monoethylene glycol also a possibility. The joint experience in
petrochemicals of botfPTT Globand Daelim provides a general sens®pfimism that this
project will eventually move forward.

TheAscent ProjectDdebrecht/Braskef éackerproposed for Washington Bottom in Wood
County, West Virginia, was an early candidate for suce€hallenges at parent company
Odebrecht have delayed this potential majovestment Braskem developed a new
petrochemical project in Mexico in a faiventure with IDESA in mi20161°°the 1.05million

mt/y cracker is paired witlhigh-density polyethylendHDPEandlow-density polyethylene
(LDPElines that generate polyethylene pellets for Mexican and overseas maikegsistock

for the cracker is quplied by Pemex from three of its gas plants, which is intended to provide
built-in redundancy for sufficient ethane suppght. The proposed cracker in West Virginia
would be built very much along the lines of the Braskem/IDESA project, including sourcing
ethane from multiple gas plants to avoid the need for storage facilities.

The sole existing petrochemical cracker in the region is WestlakeS Y AGalveit Qity,

Kentucky plant. Initially, the cracker used propane as a feedstock, receiving its saghly v
TEPPCO pipeline as well as by rail and truck frenegion producers.n early 2014, the

feedstock slate at the 204,000 mt/y cracker changed to 100% ethane, as the ATEX pipeline
came online carrying Appalachmmoduced ethane south and via the existing TEPPCO lateral

line connectingo the plant1®? Moving away from propaneds resulted in the elimination of

LINE LR Ef SYyS FTNRY GKS ONI O1 SNDa Lix®gishgusyproplelzé LIdzl
producers.Nonetheless, adoption of localfyroduced ethane as thieedstock allowed the

cracker to reduce its feedstock costisd supply risk, improving plant economics dadilitating
another capacity expansion afigrther investment in the plant, reported by Westlakelasing

in excess of $300 millicW3 TKS LJ I y(i Q&4 OdzNNBy (i oonZInnn Yike
approximately 20,000 b/d of ethane feedstock demand, all sourced from the Appalachian basin
via the ATEX pipeline.
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Fgure 11. EthaneCracker&®*
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C. Market Perspective

In addition to infrastructureenabling commodity flows and demand responeeergy hub
feature an arrayof financialactivities andrelationships involvingnultiple parties. Such parties
includecommodityproducers and consumers, transportatiand logisticservice providers,
hub operators, legal service providers, financial institutions, traders, and regulakbrs.
confluence of activities and actostapesthe market dinensiors of a huband the relationships
between and among the partiesvalvedbecome more complewhenphysical and financial
commoditytransactionsoccur. An energyhub engendeseconomies of scali resource
utilizations, information sharingndinnovatiors, which, in aggregateenhance thek dzo Qa @I f dzS
over time. Energyhubsand the activities shaping thearealsohighly visibleallowingthemto
attract potential participants and investmesiin infrastructure and the commodities traded
there.

1. A Market Hub Defined

A market hulds a center of activity thaacilitates various kinds of transactiomsolving one or
more commodities. Market hubs can be categorized into three main categories: transit hubs,
trading hubs, and transition hud8>1%6 Theunique characteristicef an individualhub and

how it functionsdepend onseveral factors includinigs geographic location, infrastructure
asset baséincludingaccess to storagedevelopment historyandstate of maturity Not all

hubs will grow ® become benchmarttading hubsi.e., oneghat set the reference priceln
general, enchmark hubs attracsignificanttrading volumedecausehey are used forboth
physical balancingf supply and demanénd portfolio risk managementconverselynon-
benchmark hubs engage jpinysical balancingf supply and demandndare used by shippers

to adjust and balance therespectivephysical portfolios.

Transit Hubs.Transit hubs are key transit or trasshipment points whose chief role is to
facilitate the transportof NGLs.They are important in the physical context of M@eliveries

to various demand centersAdditionally transit hubsentail a network of physical infrastructure
for storingand moving NGtommodities in and out of the hulNGlstransit hubs are found in
Conway Kansas; Hattiesburg, Mississipoid Napoleonville, Louisiana.

Atransit hub may reach a high level of interconnecteds with other hubs or demansidpply
centers through pipeline, railnarine, andfr othertransportation modes TheConway,
KansasNGLs hulisa case in point.lt holds sizable salt cavern storaggpacity, offershird-

party accessand has a highly interconnected system of pipelines with other regiehserves
mainly as a transit poinbf NGLE£ommerce From Conway, propane is sent north to meet
highly seasonal demarrdngingfrom crop drying (Midwestio home heating (Midwest and
Northeast) or south to satisfy Gulf Coast petrochemical and export demand; butanes move to
Conway from prducing regions and Midwest refineries, and are either stored to satisfy
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seasonal demand for gasoline blending in the region or shipped to the Gulf Coast for export or
in-region consumption; ethane also either passes through Conway on its way to the @stlf Co

where it is consumed as a petrochemical feedstock or exporter, or to Midwestern

petrochemical plants asfaedstock. There is not much local demand for NGL processing

and/or end usén the immediate vicinity o€onway. 6 dzi (0 KS K dzo Qswith y i SNO2 y
Midwestern demand centers, Midcontinent and Rockies production, and the Gulf Coast NGL
complex make Conway central in the logistics of NGL

Financial trading beyond physical trading can occur at transit butisas ConwayHowever,
transit hubs tend not to attrachon-physicalrades due to relatively limited, transibcused
NGIsinfrastructurg activities,and transactions.

Transitioning Hubs Transitioning hubs are those that have anled a certain level of trading

hub developmenttrading hubs are addresse@xt). They attract somgyetlimited, financial

trades due to a number of possible reasoifsansitioning hubsnay not have access to ample
cheap storage and/or storage thatlowsthird-party accessTheymay not have as much

takeaway capacity by way of pipelines, rail, barge, etc., to become a fully evolved trading hub.
Additionally, theymay not have the same openness and transparency due to a market structure
that is in a relatively early stage of development. With greafnness and transparency
transitioninghub will attract a higher number of traders, buyers, and sellers, boosting liquidity
which attracts financial traders and augmenitsk management options.

Overtime, atransitioning hubhas the potential talevelop furtherasadditional investmerg
are made to enhance its interconnectedness with other participants, mar&atshubs.If the
hub is geographically wedbsitioned to meet rising demand, the likelihood of continuous
development is enhanced.

Trading Hubs. Trading hubs are those that can be used for both physical balatafisgpply
and demandpand financial risk management purpogésr marketparticipants looking to
optimize their portfolios and investment returnsfror example, NGlproducess can trade

deliveries to the hub for sales while hedgagainst potentiaprice decline® € o6 dz Ay 3 I & LJ
2 LJ0 A 2 y #adihghub.(AKti& same time, an ethane buyer can trade timely delivenfes

the commaodity and simultaneoushedge against poterdi priceincreasedi K N2 dz3 K | & Ol f f
2LI0A2Yyé F2N) SGKIYS.F@FAflrofS G | GNIRAYy3 Kdzo

There are multiple stages of develoent for trading hubs.To reach maturity theymust have
liquidity for both short-term (spot) and longeterm (or forward) trading, beransparent,fully
open, and accessible to a wide range of participats.stated previouslyhe maturation of a
physical hub into a benchmark trading hadn takea decade based on the experience of
natural gas trading hutlevelopmens in NorthAmerica and Europevhich began with
deregulation of natural gas pricit§’ The key stages are illustratedTable 3oelow. In North
America, MontBelvieu is the only trading hubdhhas reached maturity (stage d®hub
developmentlisted below and trades all purity NGLs.
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Table3: Stages of Development of Market Hul§%

Stages

Explanation

1 Gas prices deregulated
and gas sales unbundled
from gas transmission

2  Third party access to
transport facilities,
terminals

3 Bilateral trading
predominates

4  Transparency in pricing
and volumes traded

5 Standardization of trading
rules and contracts

6  Overthe-counter (OTC)
brokered trading

7  Price indexation

8 Nonphysical traders entel

9 Futures exchange

10 Liquid forward price curve

Governments deregulate the price of natural gas and regulators
reform the market to separatéhe commodity sales function from
transportation and other logistics serviceNumber of buyers and
sellers increases.

Regulators mandate that all potential infrastructure users have
access omondiscriminatory commercial terms, known as third
party access (TPAThis opens the hub network to the new buyer
and sellers.

Multiple parties begin to contract with each other on their own
terms and over the TPA fat#s. Producers can trade directly witt
distributors and large end user3.he number of parties and
transactions expands.

Price reporting entities (PRE) begin publishing pricing informatic
where prices and volumes are reported and published daily,
weekly, or monthly, under rules to ensure accuraBgliable price
information supports bilateral trading and reduces transagtio
costs.

Instituted by regulators or an industry organization, such as the
North American Energy Standards Board (NAESB), ensures col
use of terms and standardized trading and transfer practiddss
facilitates trading by reducing transaction costs and making trad
more efficient.

In addition to producers, distributors, and end users, traders suc
as merchants, financial institutions, and brokers enter trarket

to trade gas and provide additional market liquidity.

Liguidity at the hub increases to the point that PiRRorted prices
at the hub become a reliable indicator of market balantae
reported prices become a reliable index thmrties will cite for
future pricing in longerm contracts.

Non-physical traders offering pure financial hedging instruments
based on the hub index enter the market to take price risk and c
customized OTC hedging senddimked to the index.

A commodity exchange such as the New York Mercantile Exche
(NYMEX) creates a standardized tradeable futures contract and
offers a trading platform under exchange rules.

Partiestrade large numbers of futures contracts for deliveries me
months out, providing future price discovery and a means of
managing price risk on future commitments.
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2. The RelationshipBetweenSorage andlrading

It is common in both the spot and futuremarkets,when physical barrels of NGLs are traded

that they do not physically move from locatido-location LY 8 G SF R G KS& | N8 (NI R
within storage facilities or pipelinesThis is one reason why storage capacity at a trading hub is

so critical.

Storage is an integral part tfe NGIs supply chainand different kinds of storagexist, from
distributed to bulk terminal with thireparty accessBulk terminal with third part access type

of storage is essential for a hub to generatgh-volumephysical and financiatading
opportunities. At the same time, such storage is still privately owned and access is driven by
marketforces thus, a vertically integrated company owgipart of the storage capacity is likely
to have greater accedhan a firm lacking those attributes

Reliable and transparent price signals earhance thepotential for the hub to provide further
flexibility and attract additional market participant8® For exampleyolatility in the price of an
NGL might signal the opportunity for storage developers to build additional storage capacity.
Volatility on the spot market could also provide an incentive to develop more gbart

storage. Further, spreadbetween summer and winter pricing based aver-the-counter deals

or on the exchange for the futures market could signal an expected shortage in seasonal
storage. Such a signal in turn can incentivize investirfer extra seasonal storag&Similarly,
such price signals can indicate a lack of connectivity of the hub to demand or supply centers
and induce investment for midtream infrastructure buildout.These changes can come from
commercial investment by system operators, shippers, arehfiraltraders

D. Existing Hubs

1. Mont Belvieu

Mont Belvieu ighe biggest NGLs hub in North Americéaeographicallytisa small town in
Texas with a population of about 5,600 people, covering approximately 14 square miles, and
sits about 30 miles east downtown Houston.Mont Belvieufeatures

1 extensive salt dome storage facilities;

1 termination points fora network of pipelines gatheringgfade from the major
production areas in Texas, Oklahoma, the Rockiexandecting tathe Conway
trading hub
a large number of fractionation facilities that separate NGLs into purity products;
origin points fora pipeline distribution network delivering N&hroducts to end user
markets in the Northeast (TEPPCO pipeline), the Southeast (Dixie Pjaiohe)
along theGulf Coast from Corpus ChristgxXasto the Mississippi delta; and
1 proximityto petrochemical plants and oil refineries that consume Bl& feedstock.

= =
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Mont Belvieu consists afnderground cavernkachedout of pure salt.{ A y OS (KIS mdp nQa
companies have been building out enormous storage caverns in thésakthat resides

thousands of feet beneath the surfac€urrently over 24 million barrels of NGLs storage

capacityis availablethere, making it the largest underground N&3Htorage in North America

and the world*!® Above ground, anultitude of fractionatorsseparae Y-grade intopurity NGLs
beforeinjectinglarge volumes othese products intoundergroundcaverns

Over the years, the hub has also developed a diversefgeansport options for onshore
(pipeline, rail, and to a lesser extent trucking) and offshore (cargo vessels) shipments to
domestic as well as export marketdlont Belvieu is also in close proximity to major euse
consumption,ncludingpetrochemicaplants oil refineries andother industrial complexes.
Based on these attributes and after decades of developnmidott Belvieuhas become a
mature trading hub with a high level of liquidity and transparency that attphgtsicalas well
asfinancialtrading and continue to draw potential investments fotated infrastructure
projects.
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Figure 12 Mont Belvieu and Other Gulf Coast NGLs Infrastructure
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dehydrogenation plats.
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